Most of Iraqi soil is classified as Quaternary deposits, especially in the Mesopotamian plain and tributaries of the River Tigris. Soil varies from north to south of Iraq. These differences in soil affected the process to select the suitable type of foundation. This research is to study the effect of bearing capacity on shallow foundations in different regions of Iraq. Seventy nine samples were collected from 23 boreholes at three different locations (Mosul at the North, Baghdad at the middle and Basrah at the south of Iraq). The samples were collected at varying depth between 1 to 24 m. They were subjected to the following testes: Atterberg limits, sieve and hydrometers, consolidation, direct shear, unconfined compression and the filed (SPT test). The values of the bearing capacity parameters (ϕ and c) were obtained from the above tests. The results obtained were used in the application of the general equation of the bearing capacity. Then, the model of a building was designed (two floors, with mat foundation type) using STAAD Pro software. The average values of bearing capacity in each region were applied in the program (Mosul = 177 KPa, Baghdad = 125 KPa and Basrah = 84 KPa). In addition, the worst bearing capacity values were also used for the three regions (Mosul = 77 KPa, Baghdad = 68 KPa and Basrah = 24 KPa). The results obtained from the average and worst bearing capacity indicated that for Mosul, we could use shallow foundation (spread and mat used if there was basement) for different areas and for buildings with many stories. For Baghdad region, shallow foundation was more suitable for building not higher than five stories. Finally, for Basrah region, shallow foundations were an appropriate selection, but for most areas deep foundation was the right choice.
Introduction
It is important to have good feedback about the project site, because soil nature is heterogeneous [1] . All mate-rials used in building are artificial materials. They are produced according to the international standards or codes, such as steel, concrete, etc. When structural engineers start to design a structure, the properties of these materials, are well known for them from text books. For soil however, site investigations and laboratory tests are required. In addition, information about the geology of the site will help the designer. Therefore, tests and identifications for soil and rocks must be done at each new site before conducting any analysis [2] . Foundation is the most important part which connects the superstructure with ground. Foundations are divided into two categories: shallow foundations and deep foundation (Figure 1) .
Spread foundations are mostly used in medium and small size structures, on moderate to good soil site conditions. Raft foundations are often used for larger structures when the soil has differential settlement problems and the foundations are to be under the ground water table. The contact pressure between the lower face of the shallow foundation and the implied soils is the bearing pressure [2] - [4] . The stress distribution that influences the stress zone under the foundation is to be considered for both shallow foundations and deep foundations. Figure 2 shows the theoretical vertical stress distribution under a square footing and pile foundation on the ground surface.
The influence depth of soil under foundation depends on its width [1] . The bearing capacity of soil for any site can be determined from the soil tests (field and laboratory tests). The laboratory tests that define the shear strength (bearing capacity parameters) are: direct shear, unconfined and Triaxial. Field tests are: Standard Penetration Test (SPT), Cone Penetration Test (CPT) and van shear [3] . An educational building was previously designed and analyzed using STAAD Pro.V8i software [5] . The building model was applied for three sites in different regions of Iraq (Mosul, Baghdad and Basrah). Due to the different geology and soil types in Iraq. The bearing capacity used in that analysis was obtained from engineering departments at the universities in those sites [5] . In this research soil samples were collected from different sites of the three regions of Iraq and analyzed. Thereafter, defining the best type of foundation for each region, the calculated bearing capacities from Mosul, Baghdad and Basrah regions were supplied to the STAAD Pro software model to find out the best suitable foundation for each site.
Methodology

Nature of Iraqi Soil
The Quaternary period (including Pleistocene and Holocene ages) affected the formation and nature of soil in Iraq. During this period, many processes took place that caused some erosion in the mountains and hills. Terraces have been formed along the Tigris and Euphrates Rivers and their tributaries as a result of changing climate. Rivers and wind filled up the Mesopotamian plain with fine texture sediments. Moreover, secondary gypsum crest has been formed and covered large areas of the deserts and the Mesopotamian plain. Almost all the soil of center and southern parts of Iraq became saline due to the natural conditions and the shallow level of ground water. Due to repeated flooding and irrigation practices, layers of mud accumulated on the original soil. As a result, most of the basin areas of the rivers are of silty soil [6] . Quaternary sediments are covering nearly 30% of the Iraqi surface area as it can be noticed on the geological map (Figure 3) . They are important for the human activities and engineering works [6] [7] .
Study Area
Three areas were tested. They are:
1-Mosul: This city is located north of Iraq (Figure 4) . The nature of soil in Mosul region includes different types. Clayey (expansive type) covers most of the regions of Mosul city. Furthermore, alluvium sediments are usually located near the banks of Tigris River, and primary gypsum is located in west part of Mosul [9] - [13] .
2-Baghdad: This city is the capital of Iraq. It is located in the central part of the country in the middle Mesopotamian plain (Figure 4) . The area is covered by accumulation of the deposits brought by the two rivers (Tigris and Euphrates). The area was occupied by humans since the dawn of civilization. Early human activities affected the soil formations because they were depending mainly on agriculture, irrigation and farm practices. These activities made numerous changes in the soil characteristics from one place to another. Over the years, soil became a sequential stratum from alluvial and sand sediment [6] . The changing course of the river caused changes in the flood plain of the river and thus changing the sequences of the deposited layers. These changes gave the soil at Baghdad unexpected and misleading characteristics. Moreover, the soil is saline because of the arid climate [6] . Based on the nature of Baghdad, soils are mostly of fluvial origin (clayey and silty) with some gypsiferous soil, and sand.
3-Basrah: Basrah region (south of Iraq) is located in the lower part of the Mesopotamian plain (Figure 4) . The stratification of Basra's soil is of irregular nature and consists of different strata and lenses as a result of the depositions of the Tigris and Euphrates Rivers through geological history of the area.
Quaternary sediment consisting of lacustrine, deltaic, fluviatile and Aeolian sediment replaced each other both vertically and horizontally. In the upper part of this region, the soil consists of layers that their surfaces are naturally consolidated, which are a mixture of sediment of fluvial flood and aeolian deposits. Deep soil layer (between 20 -30 m) consists of very dense sand laminated with hard clay (Dibdibba deposits) representing high bearing capacity layers for heavy structures. While the upper part of Basrah area is useful for shallow foundations [14] - [16] Soil of Basrah is characterized by its fine particles fundamentally clay and silt [17] .
Data Collection
The data were aggregated from subsurface soil investigation of 23 sites distributed all around the three regions of Iraq (Mosul, Baghdad and Basrah) as shown in Figure 4 . These involve 9 boreholes drilling to depths of (3 -10) meters in Mosul, 5 boreholes drilled to a depth of (10 -13) meters in Baghdad and 9 boreholes drilled to depths of (10 -24) meters in Basrah. The samples collected from ground drilling were undisturbed, disturbed and SPT.
Laboratory Tests
1) The collected samples were tested for the ID tests (Identification and Description of subsoil conditions) are the Atterberg limits to obtain the liquid limit (LL), the plastic limit (PL) and the different between the LL and the PL of soil is defined as the plastic index (PI).
To find the plastic limit, soil sample soil about 100 -250 g passed through sieve No. 40. Water was added to the soil and mixed to the form of uniformed paste. A part of the paste was placed in casagrande cup and the surface was smoothed using spatula. After that a groove was made along the center line of soil in the cup using grooving tool. By returning the crank of the casagrande device, the two sides of the soil began to flow toward the center. The moisture sample was placed in cane and weighted. The above procedures were repeated for three to four times for each sample. Then putted the canes in the oven for 24 hours, and weighted the sample to calculate the plastic limit. This was performed according to ASTM D 4318-Standard Test Method for Liquid Limit, Plastic Limit, and Plasticity Index of Soils.
2) To classify the soil samples, sieving and hydrometer tests were performed. The sieve analysis was per-formed by using 500 g of each sample. The sample was sieved using sieves numbers 4, 10, 20, 40, 60, 140 and 200. Then, the stacks of sieves were placed onto shaker for 10 -15 minutes. Then, weighted of the sample for each sieve was retained and calculations of the percent of soil size was calculated. The size distribution of the small soil fractions was performed using the hydrometer method.
3) To find the strength parameters angle of internal fraction (ϕ) and the cohesion (C) Strength tests in-cluding direct shear, and unconfined compression tests were conducted. The test was performed on three or four specimens from undisturbed soil sample. The sample was placed in a shear box. A confining stress was applied vertically to the specimen. The load applied and horizontal and vertical dial gauges attached to the shear box were measuring the displacement during the test. After that, load was applied to the top half of shear box, and readings of both gauges were recorded until the spacemen failed. Then calculations were done to obtain the values of cohesion c and angle of friction ϕ. 4) Consolidation test was performed to obtain the three important parameters required for calculating the settlement. They are the compression index (Cc), the swelling index (Cs) and preconsolidation p Undisturbed sample used in this test. Soil specimens were trimmed in a dimension suitable to the consolidation ring using saw wire. Then, porous stone was put on the base of consolidometer under the soil specimen and on the top of it. Water was added to the consolidometer to keep the soil saturated and placed in the loading device. The loads applied to the specimen. Reading were taking for the added loads (1/4, ½, 1, 2, 4, 8, 16 Kg). Finally, eo, cs, pc, and cc were calculated pressure (Pc).
5) All the above tests were performed according to the procedures given by ASTM, AASHTO and BS.
Calculations
The calculation had been done to find the ultimate bearing capacity following the Hansen (general) Equations (1) and (2) Cu = cohesion strength; qu = unconfined compression Furthermore, the bearing capacity of soil for few sites was determined using the standard penetration test (SPT). The method used to define empirical values for relative density (Dr), unit weight (γ wet ), angle of internal friction (ϕ) and undrained compressive strength (q u ) as shown in Table 1 & Table 2 , [19] .
Results
The results of the laboratory tests, including Atterberg limits, direct shear, unconfined and consolidation tests are given in Table 3 . The tests were done for different sites in Mosul, Baghdad and Basrah. The purpose was to identify soil properties and described the soil types. Then from these values could obtain the strength of soils. Later, used these results to calculate the value of bearing capacity. In Table 4 , the calculations performed for the average and worst bearing capacity for each site are tabulated.
Model of the Study
Modeling is a method that was used during the last 40 years by designers, architects and engineers. Many programs and softwares had been available and were used by structural and foundation engineers in design and analysis. STAAD Pro.v8i program is one of these softwares and was chosen to be used in this research for the design and analysis of the building model.
The program is computer software for structure and foundation design and analysis developed originally by international research engineers in Yorba Linda, CA. It was firstly, used for educational purposes for civil and structural engineers by Iowa state university. Then, Bently system adopted the program and developed to be used in the analysis and design for different constructions work such as structural, foundations, bridges, dams, etc., [20] . STAAD Pro program is the most popular designing software used because of its easy interface use, offering finite element, nature versatile at solve any type of problem, and collecting different codes [21] .
The general procedures for the design and analysis in STAAD Pro as follow [22] : • Drawing the geometry of the model.
• Adding the properties for beams, columns, slabs and foundations.
• Specifying the materials.
• Adding the loads (dead, live and combination).
• Analyzing the model.
Results obtained from the program are of different types, depending on the aim of the analysis. In this research, the analysis requires the base pressure of the building on the soil beneath it. Wherefore, the results were presented inform of contour. The colors of the contours reflect the value of the distribution of the bearing pressure under the foundation. The violet, pink, blue and green colors indicating that the bearing pressure is low to medium. Yellow and red colors indicating that the bearing pressure is high or exceeds the limit value.
The model used for this study was a building with two stories (ground & 1st flower). Mat foundation was suggested for the building with dimensions of 25 × 60 meters. The method of design and analysis of the building model was performed using STAAD Pro.v8i Program. The dead and the live loads values used in the design were 53.5 KN/m 2 and 8 KN/m 2 respectively for Mosul, Baghdad and Basrah. While, the outcomes from the calculations which depend on the field and laboratory tests were used to obtain the value of the bearing capacity. The value of a safety factor used was 3; design was according to ACI code [23] . The results of the design of a building model in STAAD Pro, Program and analysis are shown in Figures 5-10 . Figure 5 and Figure 6 show the effect of the bearing pressure on the soil that supports the foundation of the building for Mosul region. The bearing pressure in Figure 5 is the average bearing capacity value. It is not distributed evenly and is subjected to concentric vertical loads. The colors in the figure give the indication of the amount of bearing pressure on soil. The yellow and red colors indicate that the pressure in this zone is in a critical state. These zones are very restricted and do not affect the soil beneath the foundation. Figure 6 show the distribution of the bearing pressure under the foundation, when worst bearing capacity values were used at Mosul region. The red and yellow zones in the figure does not cover large portion that can affect the soil under the foundation. Figure 7 and Figure 8 show the effects of the bearing pressure on the soil that supports the foundation of the building at Baghdad region. As mentioned above, the bearing pressure under the foundation when using average bearing capacity values is not equally distributed (Figure 7) . The yellow and red zones are covering small area that does not cause concern for the building. Figure 8 show the distribution of the base pressure when using the worst bearing capacity values at Baghdad region. The red and yellow zones are large enough to affect the foundation but do not cause failure in the foundation. Therefore, we can consider the building is in safe mode.
The contours of Figure 9 show the distribution of the bearing pressure beneath the foundation when using the average value of bearing capacity at Basrah. The red and yellow zones appear in the figure are of moderate sizes, and they do not affect the soil beneath the building. Figure 10 show the distribution of bearing pressure when the worst bearing capacity values are used at Basrah region. The figure includes many red and yellow zones. These zones are affecting soil under the foundation.
Discussion
The results obtained from the program showed that the bearing pressure under the foundation of the building model for Mosul region for the average value was 102 KPa; this value is less than the calculated value (177 KPa). The worst value shown by the contour lines was 89 KPa. This value was restricted in small areas and had no effect on the foundation. Most of the areas under the foundation had a pressure value of 75 KPa. While, in the previous work done by Al-Taie, et al., (2013) [5] for the same building model using STAAD Pro Program and for one site in Mosul, the results showed that the value of the bearing pressure under the foundation was 73 KPa, and in few areas was 115 KPa. These values had no effect on the foundation and it did not reach the calculated value (300 KPa). For this site, continuous or strip type foundation should be chosen. This will be more economical. As shown in Table 5 .
In Baghdad region, the bearing pressure for the average value was unevenly distributed under the foundation (the range of value was 82 to 96 KPa), but it did not exceed the calculated bearing capacity (125 KPa).
The worst value of the bearing pressure under the foundation (68 KPa), was equal to the value calculated. However, in some few areas under the foundation, the value of the bearing pressure was 88 KPa, which exceeded the calculated value and had no effect on the foundation. Previous work [5] of the bearing pressure under the foundation for one site in Baghdad showed two values. One was lower than the calculated bearing pressure (68 KPa) and occupied half of the area under foundation.
The other value of the bearing pressure was 77 KPa which exceeded the calculated value 70 KPa. Therefore, the suitable choice of the foundation type for the area with the bearing capacity value less than the calculated value is strip or continuous foundation type. While for the area with high bearing capacity value, raft foundation is recommended.
For Basrah region, the result of the average bearing capacity value indicated that the bearing pressure was (78 KPa) and did not reach the calculated value (84 KPa). The result for the worst bearing capacity value showed that it exceeded the calculated value for whole the area under foundation. The calculated and the measured values of the bearing pressure were 24 KPa and 72 KPa, respectively. Whereas, the previous work in Basrah for one site (Al-Taie, et al., 2013) showed that the bearing pressure under the foundation (71 KPa) was almost near the calculated value (50 KPa) of the bearing capacity. Therefore, raft foundation is recommended. Table 5 shows the comparison between the current and previous work executed by Al-Taie et al. (2013) . The value of the bearing capacity in the previous work for one site in each region of the three were higher than the worst value for the current work except for Mosul region. The average and worst values of bearing capacity are less than the previous work that was done by Al-Taie et al. (2013) . Soil investigations specify the bearing capacity of the soil at a specific site so that suitable dimensions and type of foundation for the building can be considered. If the value of the bearing capacity is low, then the foundation dimensions should be large, and vice versa.
Conclusions
Seventy nine soil samples were collected from three different sites in Iraq (Mosul, Baghdad and Basrah) to investigate their effect on the foundation of the buildings. The results of the tests were used in a hypothetical The soil in Baghdad region is of fluvial nature. The calculation of the bearing capacity gave high values in some parts of this region. These values seem to be normal since the soil layers in this region represent the accumulation of fluvial sediment. The results showed that the value of the average bearing pressure did not exceed the value calculated. This suggests that shallow foundation (spread and mat) is suitable to be used in some parts of Baghdad region for buildings with not more than five floors. When worse bearing pressure values were used, it was beyond the calculated bearing pressure which means that the mat foundation is suitable for these areas too.
In Basrah region the soil has irregular nature and consists of different strata as a result of the deposition of sediments by the Tigris and Euphrates Rivers. Basrah soil can be divided into three zones. The first zone depth values from 0.5 -4 m. It is hard silty clay soil. The second which is zone 5 -19 m deep is cohesive soil, and the third zone 20 -30 m deep is Cohesionless soil. The average bearing pressure was not exceeding the calculated value. Therefore, the mat foundation is the suitable type for low buildings (not more than three stores). When the worse bearing pressure values are used, it was evident that in most of the area under the foundation, it was higher than the calculated value. The suggestion for this area is deep foundation (piles). Therefore, shallow foundation is not the right choice.
The comparison of the results of this work and previous theoretical work for the same areas gave similar results.
